Even though the cropland data layer (CDL) has been used in policy discussions it has not been independently validated using publically available information. Th e projects objective was to conduct an independent validation of the CDL. South Dakota was selected as a model system because it is located in a climate transition zone, with row crop production being the dominant practice in eastern South Dakota and the grazing of grassland being the dominant practice in western South Dakota. High resolution imagery was used to determine land-uses (cropland, grassland, non-agricultural, habitat, and water) at 14,400 points in 2006 and 2012. Based on comparisons between the CDL and ground collected data, a confusion table was constructed and the CDL user (% false positive = 100-user accuracy) and producer (% false negatives = 100 -producer accuracy) accuracies determined. Th e % false positives and % false negatives are oft en referred to as Type I error and Type II error. In 2006, the CDL cropland producer accuracy (% of ground collected sites that were correctly identifi ed) ranged from 89.2% in the east central to 42.6% in the Northwest, whereas the CDL grassland producer accuracy ranged from 95.2% in the Northwest to 38.9% in the Southeast. Similar results were reported for 2012. Grassland CDL producer and user accuracies were highest when grasslands were the dominant practice and cropland producer and user accuracies were highest when croplands were the dominant land-use. Th ese results suggest that inherent CDL errors introduce uncertainty into land-use change calculations.
T he U.S. CDL is an annual raster-based land-use map created by the USDA, National Agricultural Statistic Service (NASS) . Th e CDL predicted land-uses are based on the refl ective signatures from a number of satellites including Landsat 5 TM, Landsat 7 ETM+, the Indian Remote Sensing RESOURCESAT-1 (IRS-P6), Advanced Wide Field Sensors (AWiFS), Disaster Monitoring Constellation (DMC) DEIMOS-1, and UK2 sensors (Edinger, 2012) . Th e CDL is being used for many diff erent purposes ranging from making disaster assessments to making agricultural policy decisions (Fernandez-Cornejo and Caswell, 2006; Maitima et al., 2009; Chang et al., 2007; Carpenter, 2010; Hatfi eld et al., 2011; Schrag, 2011; Han et al., 2012; Li et al., 2012; Bandaru et al., 2013; Wright and Wimberly, 2013a; Decision Innovation Solutions, 2013; Johnston, 2013; Johnson, 2013; Mueller and Harris, 2013; Clay et al., 2014; IPCC, 2014; Elliot et al., 2014; Lee et al., 2014; Liska et al., 2014; Reitsma et al., 2015) . Th e CDL can be accessed through CropScape, which allows the user to query the database for specifi c information (Han et al., 2012 ; http://nassgeodata.gmu.edu/CropScape/). Statewide CDL meta data for each year is posted for crops that include corn (Zea mays L.), pea (Pisium sativum L.), and alfalfa (Medicago sativa L.). Each crop has a diff erent user (percent of CDL classifi ed points that were correctly characterized) and producer (percent of ground collected sites that were correctly identifi ed) accuracies. For example, in 2006 corn and alfalfa grown in South Dakota had producer accuracies of 74.63 and 27.63%, respectively. However, meta data for many land uses including grass/pasture, mixed forest, and shrubland were not posted.
Th e CDL provides digital data that can be used to determine land-use changes. Unfortunately, diff erent processing approaches can produce diff erent answers (Decision Innovation Solutions, 2013; Wimberly, 2013a, 2013b; Kline et al., 2013; Laingen, 2015) . For example, Wright and Wimberly (2013) reported that from 2006 to 2011 there was a net loss of 182,000 ha of grassland in South Dakota, whereas Decision Innovation Solutions (2013) reported that for the same area there was grassland decline of 879,000 ha from 2007 to 2012. Resolving diff erences between these studies are important because data derived or processed from the CDL is being widely distributed and used to infl uence public policies. For example, is crop insurance contributing to the plowing of native prairies, and is ethanol production contributing to the declines in wildlife populations. Th erefore, Crop Economics, Production & Management we asked the question, do the intrinsic errors within the CDL limit its use? Laingen (2015) asked a slightly different question, should the CDL be used as a land-use change benchmark? Therefore, this paper was designed to answer these questions, and its objective was to conduct an independent validation of the CDL.
MATERIALS AND METHODS
South Dakota was selected as a model system because it has high climate variability and it has soil moisture regimes ranging from udic (eastern edge) to aridicustic (western edge) and temperature regimes ranging from mesic (south edge) to frigid (northern edge). The state is separated into nine reporting districts , that include the Northeast (NE), east central (EC), Southeast (SE), north central (NC), and central (C), south central (SC), Northwest (NW), west central (WC), and Southwest (SW). In South Dakota, the extent of the last glacier was the Missouri River, which results in annual crops being grown in glaciated areas (NE, EC, SE, NC, and C) and the grazing of grassland being the dominant land-use in the non-glaciated regions (SC, NW, WC, and SW). In areas west of the Missouri river, crops are often grown in upland areas (Smart et al., 2015) .
Determining Cropland Data Layer Accuracy in Each of South Dakota's NASS Regions
The sampling protocol was systematic (USDA NASS reporting districts) followed by random sampling within a NASS region. Within each of the nine NASS regions, 1600 points were randomly identified (ESRI, 2012) . Each sample point, had the approximate dimensions of 8 by 8 m where the dominant land-use (cropland, grassland, habitat, water, and non-ag) was identified. The dominant land-use was based on information within and outside the sampling zone. For example, based on crop rows, streams, roads, forest, and houses the land-use within the sampling zone was identified. In 2006 and 2012 the identical points were used in each analysis and over the 2 yr a total of 28,800 points (14,400 points each year) were visually classified.
The during the growing season high resolution natural color imagery for 2006 and 2012 were obtained from U.S. Department of Agriculture (USDA), Farm Service Agency (FS), National Agricultural Imaging Program (NIAP) (USDA-FSA, 2013) . When obtained from the USDA-FSA, these imagery were digitally registered, orthorectified, have a uniform scale, and adjusted for topographic relief. Specific details about the imagery accuracy is available at USDA-FSA (2013 . The NIAP data is collected during the growing season and information from three bands (blue, green, and red) were used to construct a natural color image. The NAIP imagery for 2006 had a 2 m resolution and the 2012 imagery had a 1 m resolution. Quality control of this visual classification approach was conducted by two approaches. First, 100 points were selected for re-evaluation. The original and reclassified points were identical 99% of the time. Second, at 70 locations where on-farm ranch and crop system research was being conducted, the known management at these sites were compared with the remote sensing-based visually identified management. At all locations, the visually identified points were classified correctly.
The CDL was created by the USDA, National Agricultural Statistic Service (NASS). In 2006, the CDL had 56 m resolution and its various land-use categories were based on remote sensing information provided by the Landsat 5 TM, Landsat 7 ETM+, the Indian Remote Sensing RESOURCESAT-1 (IRS-P6), and Advanced Wide Field Sensors (AWiFS). In 2012, the CDL had a 30 m resolution and categories were based on information from the Landsat 5 TM, Landsat 7 ETM+, Disaster Monitoring Constellation (DMC) DEIMOS-1, and UK2 sensors (Edinger, 2012) . The CDL predictions were validated using non-publicly available data from the USDA-Farm service agency-common land unit (FSA-CLU). The meta data from this validation is available at the CropScape webpage (http://nassgeodata.gmu.edu/ CropScape). The meta data provides producer accuracies, omission error, Kappa, user accuracy, commission error, and conditional Kappa for crop specific covers. Meta information on grassland accuracy is not provided. The meta file notes, for non-agricultural land cover classes were discussed in Homer et al. (2015) .
To coincide with visual observation, each of the CDL predictions were reclassified into five classes: cropland, grassland, non-agricultural, habitat, and water. Croplands were defined as fallow and cultivated crops other than hay and alfalfa, while grasslands were defined as range, pasture, hay, alfalfa, and other grasslands. NonAg areas were defined as roads, farmsteads, cities, and towns. Habitat areas were defined as wetlands and forest, whereas water areas were defined as open water which consisted of streams, rivers, and lakes.
Statistical Analysis
In geography, a common analysis tool for reporting classification errors, from which the user and producer accuracies are determined (Table 1 ; Liu and Zhou, 2004) . The user accuracy is the percentage of classified points that were correctly characterized, while the producer accuracy is the percentage of ground collected sites that were correctly identified (Luman and Tweddale, 2008) . The reported producer accuracy for crop specific covers in 2006 and 2012 were 61.2 and 74.7%, respectively (USDA-NASS, 2007 . Based on data contained within the confusion table it is possible to conduct a systematic assessment of the data set (Table 1 ). For example, in 2006 of the 4213 sites predicted to be cropland, 436 where not cropland. Based on this comparison, the user accuracy was 89.7% and the number of false positives was 10.3% (100-user accuracy).
The false negatives can also be determined from the confusion matrix. For example, of the 4536 cropland site 759 (434 + 174 + 128 + 23) were classified as something other than cropland. Based on these values, the producer accuracy was 83.3% and the number of false negatives was 16.7% (100-producer accuracy) (Luman and Tweddale, 2008) .
The percentage land uses (grassland, cropland, nonag, water, and habitat) were compared between the ground truthed (GT) and CDL were compared using a chi-square analysis. In this analysis there were 1600 points in each NASS region. In addition, the 95% confidence intervals for binomial population (change occurred or did not occur) were determined (Freund et al., 2014) . (Han et al., 2012) . Higher calculated accuracies than the reported values are attributed to decreases in the number of CDL categories from 39 to 5.
RESULTS AND DISCUSSION
The ground truthed data showed that state-wide in 2006, 27.3% of the land was seeded to crops, 62.3% of the land was grassland, 2.8% was non-agricultural, 5.7% was habitat, and 1.9% was water. State-wide in 2006, grassland user accuracy was 90.7%, while the producer accuracy was 86.9%. Croplands had similar results and in 2006, the user and producer accuracies were 89.7 and 83.3%.
In 2012, similar results were observed and the visual observations showed that state-wide 29.9, 58.9, 4.5, 4.0, and 3.3% of the state was in croplands, grassland, non-agriculture, habitat, and water, respectively. Based on these values, there was a 2.6% increase in croplands, a 3.4% decrease in grasslands, a 1.6% increase in nonagriculture, a 1.7% decrease in habitat, and a 1.4% increase in water from 2006 to 2012. The state-wide producer and user accuracies for cropland and grasslands were similar in 2006 and 2012.
Differences in Cropland Data Layer
Accuracy across NASS Regions The CDL cropland producer accuracy in 2006 was variable and ranged from 89.2% in the EC to 42.6% in the NW (Table  2) . User accuracy for cropland was equally variable and ranged from 94% in the NE to 65.2% in the NW region. The statewide cropland producer and user accuracy were 83.3% and 90%, respectively. These accuracies were lower than the 2007 Illinois cropland producer accuracy of 97.6% (Luman and Tweddale, 2008) . Differences between South Dakota and Illinois producer accuracies may be related to Illinois having a relatively stable climate regime (udic soil moisture and mesic temperature regime), whereas in South Dakota the climate variability was high . Climate variability was linked to crop diversity. For example, in Illinois, 56% of the available land in 2012 was seeded to corn and soybean [Glycine max (L.) Merr.], whereas in South Dakota only 22% of the available land in 2012 was seeded with corn and soybean.
In 2006, across the NASS regions the CDL and the ground truthed data sets had different land-use distributions (Table  2 ). These differences were attributed to low CDL grassland accuracies in regions dominated by croplands and low cropland accuracies in regions dominated by grasslands. Differences between the predicted land-use (CDL) and measured land-use 
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In 2012, similar results were observed and cropland producer accuracy ranged from 96.6% in the EC to 65.2% in the SW. Grassland producer was equally variable and ranged from 98.6% in the NW to 48.8% in the SE (Table 3) . Land classified for non-agricultural uses and habitat had producer accuracies that were generally low, whereas land classified as water had relatively high producer accuracies. There appeared to be an improvement in the statewide cropland producer accuracy from 83.3% in 2006 to 89.7% in 2012. Grassland producer accuracy also improved from 87% in 2006 to 90.8% in 2012. However, non-agricultural land and habitat producer accuracy decreased from 2006 to 2012.
Across years, the relationship between crop land producer accuracy (PA) and percent of land used in crop production (CP) was, PA CP = 62.8 + 0.514×(CP) (r 2 = 0.68**), and the relationship between grassland producer accuracy and percentage of land in grasslands (GL) was, PA GL = 55.4 + 0.52×(GL) (r 2 = 0.54**). Because grassland increased from East to West and cropland decreased from East to West, these findings suggest that CDL accuracy was directly related to the dominance of the management practice. Johnson (2013) had similar results, and noted that alfalfa can increase CDL cropland errors. Differences in the producer accuracy for the different land-uses complicates its use as land-use benchmark. This error analysis also provides insight into the number of significant figures that are appropriate for regional and statewide land-use change calculations. Traditionally, the number of significant figures represents values that are known with certainty, plus one additional value. Based on this convention, producer accuracies of 60% should have at most one or two significant figures.
Land-Use Change
Land-use changes using the ground truthed data were calculated (Table 4 ). This analysis shows that grassland conversion to cropland was not uniform across the state. The highest conversion rates were on the eastern side of the state and the lowest rates were on the western side of the state. These findings are contrary to land-use changes that occurred in the Great Plains between 1973 and 2000, where grasslands increased and croplands decreased (Drummond and Auch, 2013) .
In areas with high grassland conversions to cropland, the CDL grassland producer accuracies were low. For example, in the NE, EC, and SE regions the relative amount of grassland lost was 16.9, 15.9, and 10.6% (Table 4) . Associated with these losses were grassland CDL producer accuracies in 2012 Table 2 . The percent land-use based on the visual classification (ground truthed) and the cropland data layer (CDL) in the Northeast (NE), east central (EC), Southeast (SE), north central (NC), central (C), south central (SC), Northwest (NW), Southwest (SE) NASS regions in 2012. The producer (Producer accuracy [acc.] = percent of correctly identified ground truthed sites) and user (User accuracy = percent of correctly identified CDL sites) accuracy's of the CDL are shown. Croplands were defined as cultivated crops and fallow, and grassland were defined as range, pasture, hay, alfalfa, and other grsslands. Non-agricultural (non-ag) areas were defined as roads, farmsteads, cities, and towns. Habitat areas were defined as wetlands and forest, whereas Water areas were defined as open water which consisted of streams, rivers, and lakes. A chi-square analysis of the ground truthed (GT) vs. CDL population distribution is shown. Table 3 . The percent land-use based on the visual classification (ground truthed) and the cropland data layer (CDL) in the Northeast (NE), east central (EC), Southeast (SE), north central (NC), central (C), south central (SC), Northwest (NW), Southwest (SE) NASS regions in 2012. The producer (Producer accuracy [acc.] = percent of correctly identified ground truthed sites) and user accuracies (User acc. = percent of correctly identified CDL sites) of the CDL are shown. Croplands were defined as cultivated crops and fallow, and grassland were defined as range, pasture, hay, alfalfa, and other grsslands. Non-agricultural (non-ag) areas were defined as roads, farmsteads, cities, and towns. Habitat areas were defined as wetlands and forest, whereas Water areas were defined as open water which consisted of streams, rivers, and lakes. A chi-square analysis of the ground truthed (GT) vs. CDL population distribution is shown. (Table 3) . However, in the SW region, where grasslands were stable (loss of 0.5%, Table 4), the grassland CDL producer accuracy in 2012 was 94.4% (81.9% land in grasslands, Table 3 ). The CDL accuracy was dependent on year, which in turn can impact land-use change estimates. For example, from 2006 to 2011 Wright and Wimberly (2013a) reported that there was a net loss of 182,000 ha of grassland in South Dakota from 2006 to 2011, whereas Decision Innovation Solutions (2013) reported that there was a 879,000 ha loss of grasslands between 2007 and 2012, These differences may be related to CDL reported accuracies that were not consistent from 2006 to 2012. For example, the CDL crop specific cover accuracies were 61.2, 83.9, 70.3, and 74.7% in 2006 61.2, 83.9, 70.3, and 74.7% in , 2007 61.2, 83.9, 70.3, and 74.7% in , 2011 61.2, 83.9, 70.3, and 74.7% in , and 2012 61.2, 83.9, 70.3, and 74.7% in , respectively (Han et al. (2012 , http://nassgeodata.gmu.edu/ CropScape/). In addition, based on the CDL there was a 22% increase in grasslands from 2006 (10.2 million ha) to 2007 (12.5 million ha). This 2.3 million ha increase cannot be attributed to enrollment in the conservation reserve program (CRP) and it is contrary to the findings of Claassen et al. (2011) . Based on CDL from 2006 to 2011 there was a loss of 0.1 million ha of grassland, whereas for the time span from 2007 to 2012 there was a loss of 2.5 million ha of grassland. These findings suggest: (i) that accuracy differences between years complicates the use of the CDL to estimate land-use changes; and (ii) that the CDL may not have the required accuracy to detect small land-use changes.
In summary, worldwide, grassland conversion is driven by many factors including temporarily inflated grain prices , availability of crop insurance to farmers, increasing global food demand (Tilman et al., 2011) , genetic improvements (Chang et al., 2014) , climate change, crop rotations, the governmental desire to create jobs, and policy changes designed to produce economic development . Many people are concerned that land-use changes in the climate transition zones, such as those observed in the NGP, are not sustainable and will provide short-term economic gains at the expense of increased greenhouse gas emissions and decreased wildlife habitat, soil health, and environmental quality (Markewich and Buell, 2001; Mamani-Pati et al., 2010; Clay et al., 2015) . Accurate local assessments are crucial for targeting resources to local problems and for governmental policy discussions and decisions. Due to its ease of use, the CDL is a primary source of information for many discussions (Causarano et al., 2008; Reitsma et al., 2011; Clay et al., 2012; Wright and Wimberly, 2013a; Liska et al., 2014) . However, the accuracy of the CDL generally is not considered in these assessments, and high errors in climate transition zones can confound these discussions.
